have considered the matter, and nine Miners' Phthisis Acts have passed through Parliament.
The Position in Great Britain.-In Great Britain the dust risks are shared among a number of industries in different parts of the country. Excluding coalminers, some 35,000 workers are employed in the refractories industry, tin mining, the pottery industry, metal grinding, sandstone working, sand blasting and other trades in which dust is a prominent feature. In these scattered industries it is difficult to arrive at comprehensive morbidity and mortality figures. On the Rand, with a localized industry, the registration and medical examination of the workers is as nearly perfect as it can be, but in this country the medical organization of the industries is nothing like so highly developed, and accurate statistics are difficult to obtain. It has been common knowledge for years that these trades are dangerous, but the first scheme of compensation for silicosis only came into operation in 1919, and there can be no doubt that industrial pulmonary disease will bulk much more largely in our social and medical legislation in the near future. Roughly speaking, the trades I have mentioned employ twice as many Europeans as do the Rand mines, and if we include, as we must, an unknown proportion of the huge population of coal-miners, the question becomes a very serious one. In different occupations the composition of the dust will vary, but all dangerous dusts have one factor in common: they all contain free silica, the dioxide of silicon; and so far as we know the degree of harmfulness of a dust depends upon the amount of free silica present in it. It is quite true that certain silicatesasbestos is a notable example-in which silicon is present as a complex chemical substance are harmful to a certain degree, but they have not been studied in great detail, and for the present we may regard silica as the chief offender. Moreover, although the pulmonary disability induced by the different dusts has received various names, such as miner's phthisis, potter's asthma, grinder's rot, chalicosis, siderosis, the terminal pathological condition is always the same, and the victims die with advanced pulmonary tuberculosis. It is true that dust, and dust alone, may produce disability and death, and there is no doubt that it has done so in the past both in this country and in South Africa. But under modern social and industrial conditions dust disease, or silicosis, really spells tuberculosis; in fact, tuberculosis is recognized as the indicator of a dangerous dust. As pathologists, therefore, we are confronted with two main problems. First, how does silica affect the lung, and how may its action be prevented or modified; and secondly, how does it influence the development of pulmonary tuberculosis. In practice these problems are closely associated, but it is essential to make some attempt to separate them.
How does silica affect the lIung ?-The lung in uncomplicated silicosis presents a variable picture, but the characteristic feature consists of the presence in the lung substance of isolated nodules of fibrous tissue. They vary in size, number and distribution. In advanced cases a considerable proportion of the lung tissue may be destroyed, with consequent severe respiratory embarrassment. This massive fibrosis, however, is rarely seen nowadays; usually tuberculosis supervenes as a frank, or possibly a modified, infection. Now, in most forms of chronic fibrosis we are able to give some reasonable account of the development and progress of the lesion. By a histological analysis of, say, the various stages of the contracted granular kidney, we can describe pretty well how the condition is produced, but we have a good deal to learn about the development of the pulmonary lesions in silicosis. Until comparatively recently it was generally held that silicosis owed its harmful properties to its physical characters. The hard, sharp particles were supposed to damage the pulmonary tissue, and the whole process was regarded as a kind of microscopic trauma. For some years now, however, the view that silica becomes soluble in the tissues, and that its action is chemical rather than physical, has become generally accepted; and at the International Silicosis Conference held 3 Section of Pathology 81 this summer in South Africa, which I was privileged to attend as the representative of the Medical Research Council, it was agreed that "there is experimental evidence that the solubility of silica in the tissues is an essential factor in the causation of silicosis." It is also generally accepted that dust inhaled into the terminal alveoli is phagocyted by the pulmonary macrophages and transported to various parts of the lung. Presumably the silica gradually becomes dissolved, and in its soluble state is able to stimulate the growth of fibrous tissue. One cannot fail to be impressed by the difference in behaviour of quartz when it is introduced into the lung by way of the air passages, and when it is introduced directly into the tissues by subcutaneous inoculation. In the one case it is ingested by phagocytes, which may remain quiescent in the pulmonary alveoli for long periods of time without any signs of tissue reaction ( fig. 1 , p. 82); in the other, necrosis of the tissue takes place within hours or days, and there is an active inflammatory reaction ( fig. 2 ). Presumably fibrosis can only occur if silica is brought into direct contact with fibrous tissue, or cells capable of forming it, and it has been suggested that the silicotic nodules start in the small areas of lymphoid tissue scattered throughout the lung, into which the phagocytes migrate. Certainly in experimental animals I have found a definite proliferation of the reticulum in the tracheo-bronchial lymph nodes, in which the dust cells have settled. But the various stages in the development of pulmonary silicosis have not, in my opinion, been fully worked out. It should not be a very difficult matter to obtain specimens of the disease in all its phases, and it is merely a question of careful and detailed histological analysis.
Experimental investigations might have been expected to help in the elucidation of the process, but for the most part they have not done much to clear the air, and this is not for want of time or trouble. I believe that the first money granted by the Medical Research Council was for an investigation into pneumonoconiosis, and work has been carried on continuously in this country and in South Africa ever since. Unfortunately, however, the investigations have not been devoted to the solution of the basal problems, but have largely been directed to the elucidation of subsidiary matters which seemed of more immediate importance; and the methods employed have not been adequate to solve the problem. L. U. Gardner, of the Trudeau Sanatorium at Saranac Lake, has realized that silicosis is a chronic disease which takes years to develop. He has, therefore, exposed his animals to dusty atmospheres for eight hours a day over periods of two to three years, and he has obtained most important results. But most other workers have been content with a total dust exposure of twenty-four to thirty-six hours, and I am not convinced that they have ever produced specific fibrosis; certainly they have produced nothing comparable with what occurs in man.
But it is in the more complicated forms of the disease that experimental investigation is most needed. Silica in harmful dusts is always associated with other substances, and the way in which these adulterant dusts may modify the main process can only be studied experimentally, From the statistics of certain dusty trades it would appear that, although the workers are exposed to a high percentage of silica, they do not suffer from silicosis. But statistics, unless they represent not only the truth, but the whole truth, may lead us seriously astray. To take one or two examples: it has often been stated that there is no silicosis in the mines of Mysore in India and Cripple Creek in U.S.A., though in both districts dust samples of the vein and the country rock contain a considerable quantity of free silica. Consequently, it has been taught that the adulterant dusts in these regions prevent the accumulation of silica in the lungs, and the corollary has been drawn that free silica does not necessarily mean silicosis. As a matter of fact, it emerged at the recent International Silicosis Conference that there is plenty of silicosis at Cripple Creek; and as regards Mysore accurate information is lacking. We do not know whether there is any silicosis there or not. Again, the incidence of tuberculosis in dusty trades is adopted as the measure of the degree of silicosis present. Since the incidence of tuberculosis in coal-miners as a whole is actually less than in the general population, it has been believed that no silicosis occurs among them, though they are freely exposed to shale dust, which contains some 35% of quartz, and many of them actually have to drill through "hard headings " composed of rock with a high silica content. This anomaly again has been explained on the assumption that the adulterant dust (in this case coal) removes sili3a from the lung. But in fact it is not necessary to search for an explanation, because we now know that silicosis does occur in coal-miners (S. L. Cummins and A. F. Sladden [1] ), at any rate among the men who work at hard headings, and the so-called anthracosis of coal-miners is probably silicosis affecting an anthracotic lung. N. Tattersall has dealt with this subject from the clinical point of view. He writes [2] "Some three and one half years ago, accompanied by Professor Cummins, I visited a hard heading at Glyncorrwg. Two shifts of men were being used to drive a heading through some 300 yards of hard rock-three men boring on each shift. The dust was intense, so thick that one could see only about a yard when drilling was in progress. One of the men recognized me and I found out that he was a man I had recently examined and who was probably tuberculous, but at that time one sputum examination had been negative. About six monlths later I saw this man again, when he had marked signs and numerous tubercle bacilli in the sputum. He had been working all along in the same heading, coughing and spitting out tubercle bacilli. He died about a year later, the first of these six men to succumb; the sixth and last of them died two and one half years later from silicosis and tuberculosis." Whatever may be the explanation of the relative immunity of the coal-miner to tuberculosis-if, indeed, such immunity really exists, and E. L. Collis [3] points out that it certainly does not apply to the whole body of coal-miners-it cannot be the absence of silicosis. Can it be due to the actual presence of the coal dust ?
Coal dust itself is a complex substance and varies in composition, but all coals consist largely of carbon; is carbon therefore antagonistic to the tubercle bacillus ? Carleton [4] suggests that "it is conceivable that pulmonary tuberculosis might favourably respond to a carefully graded inhalation of coal or soot particles," but I should imagine that the failure of this form of therapy is being demonstrated daily among the consumptives of our great cities. I know of no experimental evidence to support this view, and moreover I have nolt been able to demonstrate any difference from the normal, in their reaction to the tubercle bacillus, of animals saturated with carbon in attempts to block the reticulo-endothelial system. The demonstration of silicosis among coal-miners is of such importance because a whole superstructure of theory has been built up on the assumption that it does not exist. From observations in man and in experimental animals we know that when coal is inhaled into the lung it is picked up by phagocytes. By the migration of these phagocytes much of the dust is removed, either by way of the air passages or by the lymphatics. If the quantity of dust inhaled is great, intake will overcome excretion and coal will remain in the lung. Much of it is deposited in lymphatic vessels, but from the fact that a miner's sputum is pigmented for a long time after he ceases work, it would seem that a good deal still remains in the alveoli. The pigmented lung of the city dweller suggests that the excretion is never perfect, but yet it has been claimed that small quantities of coal may entirely disappear from the lungs of experimental animals by this natural method of cleansing. Dr. J. S. ilaldane [5] suggests that the capacity for getting rid of dust can be greatly increased by use, and he also says that to excite such a physiological process as elimination of dust particles some stimulus is needed. Within limits this is no doubt true, but I cannot follow him when he says that such a stimulus cannot be supplied by crystalline dust, but only by non-crystalline dust. Whereas coal is held to 6 provide all the stimulation necessary, he regards silica as incapable of providing this stimulus owing to its "inertness, impenetrability and insolubilitv"; one would have said that these qualities really belong to coal rather than to silica. He believes that the coal-miner is free from silicosis because the inert silica is carried away by phagocytes stimulated by the coal. In a more recent paper Haldane [6] says that to stimulate phagocytes a dust must be itself soluble or contain something soluble. Coal and other protective dusts are more or less amorphous and consequently porous. They therefore contain impurities which may be soluble. Apart from this, amorphous substances are naturally less insoluble than crystalline substances, from the looser aggregation of their molecules. This conception has been supported by experiments which have been freely quoted. Carleton [4] exposed animals to a mixture of coal and flint, and states that the brisk phagocytosis initiated by the coal dust was responsible for the rapid elimination of much of the flint from the lungs; but from the descriptions and illustrations given in this paper there seems to be little difference between the lungs of these animals and those of others which had been dusted with flint alone. Mavrogordato [7] , again, in 1922 reported experiments in which three groups of guinea-pigs were dusted with (a) silica alone; (b) silica followed by coal, and (c) silica preceded by coal. Afier six months the lungs of the animals in group (a) were found to be grey, those in group (b) black, and those in group (c) white. Although a considerable quantity of silica could be detected microscopically in group (c), the other two groups contained far more. In a communication made to the International Silicosis Conference this year, however, reviewing all his experiments, he says that previous invasion by coal does not appreciably hinder the settlement of silica in the lungs. One set of conclusions appears to cancel out the other. But neither Carleton's nor Mavrogordato's experiments really answer the question. Recognizable specific lesions were not produced in the control animals dusted with silica alone, and there is no evidence that in these experiments the coal eitber helps or hinders the action of the silica.
Intra-tracheal Injections.-During the last year Dr. R. Hilton and I have attempted to take a short cut by introducing suspensions of dust directly into the lungs of rabbits and guinea-pigs. We have found this a comparatively simple procedure. Under urethane anaestbesia a small nick is made in the skin on the front of the neck, the trachea is localized and the needle of a record syringe introduced into it. Guinea-pigs tolerate anything up to 2 c.c. of dust suspension and rabbits 5 c.c. or more. The experiments are, of course, excessively artificial, but provided not too much is claimed from them, they should be capable of giving useful information; and, as a matter of fact, even in the usual dusting experiments, there is not much real resemblance between the miner, the potter, and the stone mason employed on their lawful occasions, and the rabbit or guinea-pig in the dusting chamber. Our results have been rather disappointing. We felt that our technique was open to the criticism that a single flooding of the lung with an overwhelming dose of dust can have no relation to the continuous inhalation of small quantities, and consequently that silicosis produced in this way would not be comparable with the disease in man. But, so far, we have not even been able to produce the typical fibrosis, and since an adequate quantity of dust must have been introduced into the lung, it is clear that the time factor is of the first importance.
In one series of experiments, 5 c.c. of a 2% suspension of dust from a South African mine in distilled water was inoculated intra-tracheally into a series of rabbits. Two doses were given, on the first and sixty-third day of the experiment. Figs. 3 and 4 are taken from the lung of a rabbit killed thirty-six days after the second inoculation. There is practically no free or phagocyted dust in the alveoli; it has all been transported into the lymphatics, which in places are widely distended. Some of the dust appears to be free, but a good deal is still contained within phagocytes. In the area illustrated the lung is contracted and puckered, Proceedings of the Royal Society of Medicine 8 and the alveolar structure destroyed. In the affected areas there is an increase of fibrous tissue, but it suggests to me the condensation associated with atelectasis rather than true fibrosis, and this opinion is borne out by the appearance shown in fig. 5 . This is a section of the lung of an animal in the same series, killed ninety-two days after the second dose, but no more fibrosis has developed. In places I have thought it possible to distinguish the deposits from the first and second inoculations from the difference in size of the particles, but this is the only sign of solution I have found. Fig. 6 shows the lung of a guinea-pig killed on the two hundred and fifth day after a single intra-tracheal injection of mine dust. In guinea-pigs we have not found the same rapid determiination of dust to the lymphatics, and in this lung much of the dust is still in the alveoli.
Great stress has been laid on the immobilization of phagocytes by silica, and Mavrogordato [71 suggests that it mummifies them, preserving them in much the same way as water glass preserves eggs. Jt would seem more likely that retention of silica in the lung depends upon the destruction of phagocytes rather than their preservation, but however that may be, retention is the essential factor. A harmful dust is said to be one which is not eliminated from the lung, and the contrast is always drawn between silica and the stimulating carbon which is readily removed from the lung by a process of natural cleansing. Gardner, on the other hand, states that quartz produces the greatest degree of phagocytic activity of any dust he has investigated, and suggests that immobilization of phagocytes in the lung depends upon the load they have ingested. He finds no evidence that silica preserves cells better than any other kind of dust. Further experiments which Hilton and I have carried out have a bearingon this point. Fig. 7 (p. 88) is taken from the lung of a rabbit, which received two intra-tracheal doses of carbon in the form of dilute indian ink at an interval of fifty-eight days; it was killed one hundred and forty-seven days after the last injection. Here carbon particles are still present in the alveoli, and the appearances closely resemble those seen in fig. 6 . The heavily pigmented miine dust and the carbon both tend to obscure cell outlines, and it is difficult to make out the details, but there seems to be no essential difference between the initial reaction and subsequent behaviour of the phagocytes when carbon is used instead of mine dust. Fig. 8 , taken from another part of the same lung, shows the subpleural deposition of carbon, exactly comparable with what one constantly sees in human material. Even making allowance for the initial heavy dose, there does not seem to have been a very pronounced migration of carbon from the lung, and I conclude that the amount of carbon or other dust which remains after dusting is in direct ratio to the thoroughness of the exposure.
We have varied these experiments, using mixtures of amorphous silica and carbon, and miine dust and carbon, but with the technique we have employed we have seen no sign of the characteristic cleansing which has been described. I have confined my remarks to coal dust because this is the adulterant dust most often quoted, but I have no reason to believe that other concomitant dusts in industries play any specific part in protecting the individual from the effects of inhaled silica. The experiments which have been accepted in the past as having significance are not capable of giving the answer required. We must have a base-line to work on, and in these experiments the base-line must be the production of characteristic silicosis in animals. In the absence of this we are not justified in claiming experimental knowledge of how silicosis may be modified.
So far I have only discussed the protective adulterant dusts, but there is another side of the question, for it is possible that these concomitants may actually assist the action of silica. Of recent years attention has been directed to the occurrence of silicosis in the manufacture of certain abrasive powders. In one factory in which an abrasive powder, consisting of silica 75% and sodium carbonate a.nd powdered soap 25% was prepared, several cases of acute silicosis have been described, following comparatively brief exposures to the dust. Two of the fatal cases were described in the Lancet [8] recently, and though in one of them it is recorded that tubercle bacilli were present in the lungs, the infective element is evidently regarded by the authors as being quite unimportant. It is known that silica is soluble in alkaline solutions, and the explanation given for the rapid onset of the disease is that the inhaled alkali increases the solubility of the silica and enables it to act much more rapidly than usual. There is an unfortunate tendency, when considering the solubility of inhaled dusts, to forget that we are dealing with a complicated anatomical structure, and to regard the lungs as a couple of test tubes in which all sorts of chemical reactions can take place unhindered. In the paper referred to, it is assumed that several chemical reactions occur with quite a complex geological formation as the end-product. It may, of course, be so, but even then there is no adequate explanation of the subsequent fibrosis. I have, as a matter of fact, been privileged to examine portions of the lung from one of the cases, and also the lunlgs from another fatal case occurring in the same factory, and in neither of them have I found the changes described, though in one of them there is undoubtedly nodular fibrosis. On the other hand, I have found advanced tuberculosis in both cases, and this I regard as the basis of the whole condition. It is more than likely that the infection was enhanced by the inhaled silica, but it cannot be claimed that there is evidence in the lesions of the pure adjuvant action of an adulterant dust. In view of these cases I have also carried out a few dusting experimnents, but I have not been able so far to demonstrate any difference between the changes produced by the inhalation of pure amorphous silica and of the same dust mixed with sodium carbonate.
The effect of silica on pulmonary tutberculosis.-This brings me to the second question, the effect of silica on pulmonary tuberculosis. Silica, as I have said, may itself produce profound changes in the lungs, but nowadays industries are so controlled that workers are rarely, as it were, choked with dust. They inhale a certain amount of silica which may produce a fairly advanced fibrosis of the lung, but the chief danger lies in the influence the dust exercises on microbic infection. Simple bronchitis is a recognized complication of dusty trades, and there is evidence that other respiratory infections may be increased by silica, but the one infection which stands out above all others is tuberculosis, and the great problem in the pneumonoconioses is the relation of the dust to the tubercle bacillus. There is abundant clinical evidence that silica has a specific action on the growth of the bacillus, and experimental work in the last few years has done much to clarify our conceptions of the process. It was formerly supposed that it was the fibrosis induced by the silica that in some way or another predisposed the lung to tuberculosis, presumably from interference with lymphatic drainage, although this was not clearly stated. Haldane [5] wrote in 1924: "We can easily imagine how a lung that becomes more and more clogged with dust should also become more and more susceptible to the attacks of the tubercle bacillus." But he distinguishes between various forms of pneumonoconiosis and suggests that the fibrotic change due to a relatively harmless dust is of much less significance than a similar change brought about by a dangerous sort of dust. It would be truer to say, I think, that the fibrosis has no significance at all, and that the only thing that matters is the nature of the dust.
No experiments have been carried out in this country on the infection of the fibrotic lung, but fairlv extensive observations have been made on the effects exercised by silica on tuberculosis in laboratory animals. Some years ago Gye and I [9] demonstrated that interstitial inoculation of different forms of silica produced characteristic necrotic lesions, and that tubercle bacilli proliferated readily in these lesions in such insusceptible animals as mice. Later, I was able to show that the active growth of the bacilli did not depend merely on the necrosis of the tissue, but was due to the actual presence of the silica [10] . Further experiments confirm this view. If particulate silica is inoculated intravenously into rabbits it is picked up by macrophages in, especially, the liver, spleen and lung. If the' dose has not been too heavy, many of these cells remain capable of function, and may be expected to ingest other foreign particles free in the blood-stream. Having prepared animals in this way, I then subjected them to an intravenous inoculation with living tubercle bacilli, and killed them at varying intervals of time. The protocol of such an experiment is shown in fig. 9 . Very often there is no significant difference between the treated and the control animals, which is what one would expect, for it is largely a matter of chance whether one kills the animals at the most appropriate time. If one kills them too soon the bacilli will not have had time to proliferate; if too late the effect of the silica, which is only present in small quantities, will be obscured by the natural reaction between the host. and the organism Nevertheless, I think I have been able to demonstrate in the majority of my experiments that it is possible to modify an artificial miliary tuberculosis by silica. Fig. 10 is taken from the lung of a rabbit, which received during nine days eight intravenous doses of amorphous silica (1 c.c. of a 1% solution). On the eleventh day it was inoculated intravenously with living tubercle bacilli, and it was killed eleven days later. Fig. 11 is taken from the lung of the control animal, which was inoculated with a similar dose of bacilli without previous treatment. There is a very definite difference in the number and size of the lesions in the two animals.
Figs. 12 and 13 are taken from the lungs of the treated and control animal of another series. Four preliminary doses of silica were given during ten days, and the animal was killed twelve days after infection. (See fig. 9 .) In this experiment the macroscropic difference in the tuberculization of the lungs is not so obvious, but fig. 14 shows the much greater number of bacilli in the lesions of the silica animal as compared with the control (fig. 15 ). Fig. 16 is taken from a section of the lung of a rabbit inoculated intra-tracheally with a suspension of tubercle bacilli to which rnine dust has been added, and killed eight days later. The control animal ( fig. 17 ) received the same number of bacilli in the same volume of fluid, but no mine dust, and again the difference in the number of bacilli in the two animals is pronounced. There can be no question of necrosis here; the bacilli are not growing in a pabulum of necrotic protoplasm, but in phagocytes which are heal'thy enough to ingest them. I do not wish to lay-too much stress on these experiments, for they contain sources of error. For example, it is an extremely difficult thing to give exactly similar doses of living tubercle bacilli to a considerable quantity of animals. But they all point in the same direction, and I think they are significant. Hilton and I have also carried out a limited number of experiments, in which guinea-pigs and rabbits received intratracheal injections of silica, and some weeks later were inoculated intra-tracheally, together with an adequate number of controls, with living tubercle bacilli. All the animals died with pulmonary tuberculosis, but the silica animals died weeks, or even months, before the controls. These experiments againi are suggestive, but I am not prepared to say more than that.
L. U. Gardner [11] , however, has performed an experiment which seems to me to be crucial. They have at Saranac a strain of tubercle bacilli, RI, which produces in guinea-pigs infected by inhalation, isolated subpleural nodules in the lung, and massive involvement of the tracheo-bronchial glands. Macroscopic tubercles in other viscera practically never occur. The pulmonary lesions caseate in four to six weeks, but the bacilli then die off and healing by resolution takes place in eighteen months to two years. The lymph nodes also heal, but may show some residual fibrosis. The infection is practically never fatal. Animals infected with this bacillus are dusted with quartz for eight hours a day over a period of two to three years. After three to five months the bacilli in the pulmonary lesions take on a new capacity for growth. The process spreads to all parts of the lung, massive ulcerative lesions occur, and the infection extends to the abdomen. This change is Section of Pathology.
-PLATE, 1. not due tb an exaltation of the virulence of the bacilli, for subinoculations from the animals produce merely the form of tuberculosis characteristic of the RI strain. It appears to be due to an alteration of environment, due to the presence of the silica.
Exactly how the silica acts is still doubtful. Cummins [12] suggests that it destroys complement; but to me the phenomenon appears to be a cellular rather than a humoral one. Either the intracellular defensive mechanism of the phagocyte is injured by the silica, or the nutritional value of the cell protoplasm for the bacilluis is enhanced. I have attempted to bring about the same kind of thing in vitro by the addition of silica to culture media, and Dr. L. P. Garrod is working on that side of the matter with me now. I have found in some experiments that, although the total growth of the bacillus is unaffected, the lag period seems to be shortened, so that an abundant growth is obtained in a much shorter time when silica is added to the medium than when it is abseiit. Gardner reports FIG. 13.-Section of lung of rabbit 8- fig. 9 . In the lungs the macroscopic tuberculization is about the same in the two animals.
the same kind of results. But these experiments are very irregular. They may come off once, and the next time may be a complete failure, and so far I am not prepared to say that any success I have had is more than accidental. In l'ico, however, I do not think there can be any doubt about the main facts, thouglh the exolanation is still to seek. Infective silicosis.-I have left une other aspect of the silica problem to the last because in some ways it is the most difficult of all. In South Africa they recognize simple silicosis and silicosis with tuberculosis, or tuberculo-silicosis. In addition, they describe another condition, infective silicosis, in which inifection is believed to produce changes in the reaction of the tissues to the dust. The actual nature of the infection has not been determined in every case, but the tubercle bacillus is thought to be by far the most important organism. I believe I am right in saying that infective silicosis was the most troublesome subject discussed at the recent conference in South Africa. In the first place it seemed to me that the visiting delegates as a whole were unacquainted with this condition, and found it difficult to understand the conception of the process accepted in South Africa; and secondly, it seems to involve a complete change in our views of the action of silica on tuberculous infections.
In this form of the disease radiographic examinations reveal a form of fibrosis in which the individual nodules are larger and more irregular in outline than in typical simple silicosis, and tend to coalesce in areas with a somewhat diffuse formation of fibrous tissue; and on naked-eye and microscopic examination the nodules appear to differ from the true silicotic nodules chiefly in the direction of a greater tendency to necrosis. The cases tend to pursue a chronic course, and the lesions show no histological evidence of tuberculosis such as occurs when infection becomes grafted on to a silicotic lung. Even when these nodules develop as the result of a combined action of the bacillus and the dust from the very earliest stages, the typical tuberculous reaction is absent. How then, one may ask, is it possible to say that the tubercle bacillus plays any part in the process, for apparently it has not been demonstrated in the lesion ? The answer is that while the nodules of simple silicosis inoculated into guinea-pigs do not produce tuberculosis, nodules from cases of " infective silicosis" give positive results, though, from the lesions produced, the bacillus appears to be of an attenuated type. Only a few cases have as yet been available for biological tests, but the investigations are being pursued. In the discussions at the recent conference the suggestion was made by South African workers that silica may actually damage the bacillus so as to lower its virulence, and this was regarded as the explanation of the process. And it was definitely laid down that [13] : ". . . in many cases of clinically 'simple silicosis,' even at its earliest detectable stage, an element of low grade and latent tub'erculous infection may already be present in association with certain of the ' silicotic' lesions." It is difficult to reconcile this view with the available experimental data. All the evidence goes to show that the influence of silica on the tubercle bacillus is always favourable to the bacillus. And I find it equally difficult to visualize a process in which the silica crystal and the tubercle bacillus, acting simultaneously, can produce a fibrotic lesion which will limit the action of the bacillus by encapsulation. However, opinion among South African workers is very firm that such an infective silicosis does occur, and their experience is so great and they have achieved so much in the study and prevention of miner's phthisis, that their views must carry great weight. I think we must accept the existence of such a modified form of silicosis, and direct our attention to its further investigation.
